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Motivation

National Institute for Risk and Resilience

• Probabilistic forecast information is rapidly proliferating, injecting in a new wave 
of uncertainty into the forecast and warning process.

• Most scientists agree that this is a positive development but incorporating 
probability information into risk communication can be challenging 
because probabilities are notoriously difficult to communicate effectively to lay 
audiences.

• What does the research literature say about the “best” way to include probability 
information in risk communication?

• What is the evidence base for different practices?
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Project

National Institute for Risk and Resilience

• Systematic review of research literature on the inclusion of probability 
uncertainty information in risk messages

• Timeline: August 1, 2019 – September 30, 2020

• Deliverables:
• Bibliographic archive of relevant research with topic tags and summary notes
• Summary report that highlights existing knowledge, gaps, and priorities for future research
• Summary report with recommendations to assist in the practice of communicating 

uncertainty and probabilities
• Presentation of results to NWS/OWAQ partners 
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Systematic reviews

National Institute for Risk and Resilience

• Type of literature review that uses a transparent and replicable methodology to 
identify relevant research from past studies, evaluate results from those studies, 
and synthesize findings both qualitatively and quantitatively

• Steps in a systematic review:
1. Define the study domain
2. Search for and identify relevant studies
3. Extract key topics, questions, methods, and findings from relevant studies
4. Evaluate the quality of relevant studies
5. Analyze and combine the studies to identify common topics, questions, methods, and 

findings
6. Define certainty levels for common findings
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We are
here
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Systematic reviews
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Search for and identify relevant studies

National Institute for Risk and Resilience

• Search Methodology:
1. Electronic search databases

• ProQuest, Web of Science, and EBSCO Academic Search Elite
2. Previous literature reviews
3. Citation chains

• References IN articles
• References TO articles

• Inclusion Criteria:
• Original research (not a literature review, essay, or workshop report) 
• Directly study the communication of a specific uncertainty or probability (not perception of 

risk, uncertainty, or probability alone)
• Replicable quantitative methodologies (not interviews, observations, or focus groups)
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Search for and identify relevant studies

National Institute for Risk and Resilience

Electronic Search Methodology
Search target: articles about probabilistic 
risk/uncertainty communication in the 
weather and climate domain that use 
quantitative methodologies

Search results: 1559 possibly relevant 
articles
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Search for and identify relevant studies

National Institute for Risk and Resilience

Electronic Databases
[n = 1559 → 31]

Literature Reviews
[n = 148 → 37]

References IN
[n = 2312 → 120]

First Set of
Relevant 
Studies
[n = 68]

Final Set of 
Relevant 
Studies

[n = 188 + ???]

References TO
[n = 3268 → ???]

LINK to list of relevant studies

NOTE THAT THIS LIST WILL 
CHANGE AS THE REVIEW 
CONTINUES

https://www.dropbox.com/s/51rrxj980y51exk/Included%2520As%2520of%25205-19-2020.html%3Fdl=0
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Systematic reviews

National Institute for Risk and Resilience

• Type of literature review that uses a transparent and replicable methodology to 
identify relevant research from past studies, evaluate results from those studies, 
and synthesize findings both qualitatively and quantitatively

• Steps in a systematic review:
1. Define the study domain
2. Search for and identify relevant studies
3.Extract key topics, questions, methods, and findings from 

relevant studies
4. Evaluate the quality of relevant studies
5. Analyze and combine the studies to identify common topics, questions, methods, and 

findings
6. Define certainty levels for common findings
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Extract key topics, questions, methods, and findings

National Institute for Risk and Resilience
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Systematic reviews

National Institute for Risk and Resilience

• Type of literature review that uses a transparent and replicable methodology to 
identify relevant research from past studies, evaluate results from those studies, 
and synthesize findings both qualitatively and quantitatively

• Steps in a systematic review:
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findings
6. Define certainty levels for common findings
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Evaluate the quality of relevant studies

National Institute for Risk and Resilience

• Indicators of quality (validity):
1. External validity (EV): sample size and generalizability (national survey vs. survey of college 

students in OK)

2. Internal validity (IV): confidence in causality (experiment vs. correlation)

3. Domain validity (DV): weather, climate, health, etc.

• Scoring system (3 points)
• 1 = low; 2 = medium; 3 = high
• Each study can range in validity from 3 (low on all thee indicators) to 9 (high on all three 

indicators)
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Evaluate the quality of relevant studies

National Institute for Risk and Resilience

• External validity: 1 (low)
• Survey of 304 University of Washington 

psychology students

• Internal validity: 3 (high)
• Multiple high-quality survey experiments

• Domain validity: 3 (high)
• Winter weather decisions (road salt 

experiments)

• Total validity score: 7 (medium to high)
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Systematic reviews

National Institute for Risk and Resilience

• Type of literature review that uses a transparent and replicable methodology to 
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and synthesize findings both qualitatively and quantitatively
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Analyze and combine studies

National Institute for Risk and Resilience

• Common topics:
1. General understanding of probability information
2. Opinions and perceptions about probability information
3. Probabilistic vs. deterministic information
4. Verbal expressions of uncertainty
5. Numeric formats and framing
6. Visualizations, graphs, and icons
7. Affect and emotion
8. Communicating small or long-term risk
9. Other/misc.

• Common questions (study outcome measures):
• How does probability information impact risk comprehension?
• How does probability information impact protective action decisions/intentions/behaviors?

• Methods:
• Surveys that vary in size and scope; research designs that vary in validity

• Findings/recommendations:
• Outcome result (statistics)
• 2-3 sentence plain text summary of primary findings
• Identify/infer a recommendation from findings
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Analyze and combine studies

National Institute for Risk and Resilience

Study: ES98

Reference Gigerenzer, G., R. Hertwig, E. van den Broek, B. Fasolo, and K. V. Katsikopoulos, 2005: A 30% chance of rain tomorrow: How does the public understand probabilistic 
weather forecasts? Risk Anal., 25, 623–629.

Abstract

The weather forecast says that there is a “30% chance of rain,” and we think we understand what it means. This quantitative statement is assumed to be 
unambiguous and to convey more information than does a qualitative statement like “It might rain tomorrow.” Because the forecast is expressed as a single‐event 
probability, however, it does not specify the class of events it refers to. Therefore, even numerical probabilities can be interpreted by members of the public in 
multiple, mutually contradictory ways. To find out whether the same statement about rain probability evokes various interpretations, we randomly surveyed 
pedestrians in five metropolises located in countries that have had different degrees of exposure to probabilistic forecasts––Amsterdam, Athens, Berlin, Milan, and 
New York. They were asked what a “30% chance of rain tomorrow” means both in a multiple‐choice and a free‐response format. Only in New York did a majority of 
them supply the standard meteorological interpretation, namely, that when the weather conditions are like today, in 3 out of 10 cases there will be (at least a trace of) 
rain the next day. In each of the European cities, this alternative was judged as the least appropriate. The preferred interpretation in Europe was that it will rain 
tomorrow “30% of the time,” followed by “in 30% of the area.” To improve risk communication with the public, experts need to specify the reference class, that is, the 
class of events to which a single‐event probability refers.

Topic General understanding of probability information 

Outcome Measure Risk comprehension

Findings Single event probabilities can be interpreted by members of the public in multiple, mutually contradictory ways

Validity EV = 2 (med); IV = 1 (low); DV = 3 (high); Total validity score = 6

Recommendation Specify the reference class when communicating a single‐event probability

• Note: when complete, these “study cards” will populate a searchable database of studies
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Systematic reviews

National Institute for Risk and Resilience

• Type of literature review that uses a transparent and replicable methodology to 
identify relevant research from past studies, evaluate results from those studies, 
and synthesize findings both qualitatively and quantitatively
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Define certainty levels for common findings

National Institute for Risk and Resilience

• Indicators of certainty:
1. Consistency of evidence (do all studies say the same thing?)

2. Quantity of evidence (how many studies are there?)

3. Quality of evidence (on average, how much validity do studies have?)

• Scoring system (3 points)
• 1 = low; 2 = medium; 3 = high
• Each recommendation can range in certainty from 3 (low on all thee indicators) to 9 (high on 

all three indicators)
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Define certainty levels for common findings

National Institute for Risk and Resilience

Recommendation 1: THIS INFORMATION WILL CHANGE AS THE REVIEW CONTINUES

Recommendation Present both numerical and verbal probability information in a risk message. People prefer numerical information for its accuracy but use verbal statements to 
express probabilities to others. Presenting both makes sure that people have the right information no matter the purpose for which it is used.

Relevant Studies Brun & Teigen (1988); Shaw & Dear (1990); Weber & Hilton (1990); Wogalter et al. (1999)

Consistency of Evidence High

Quantity of Evidence High

Validity of Evidence High

Certainty High

https://www-sciencedirect-com.ezproxy.lib.ou.edu/science/article/pii/0749597888900362
https://adc-bmj-com.ezproxy.lib.ou.edu/content/65/5/520.abstract
https://psycnet-apa-org.ezproxy.lib.ou.edu/record/1991-09001-001
https://www-sciencedirect-com.ezproxy.lib.ou.edu/science/article/pii/S0022437599000109
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Define certainty levels for common findings

National Institute for Risk and Resilience

Recommendation 2: THIS INFORMATION WILL CHANGE AS THE REVIEW CONTINUES

Recommendation For single unique events, express proportions as percentages if possible.

Relevant Studies Peters et al. (2011)

Consistency of Evidence Medium

Quantity of Evidence Low

Validity of Evidence Medium

Certainty Low to Medium

https://pubmed.ncbi.nlm.nih.gov/21191122/
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Define certainty levels for common findings

National Institute for Risk and Resilience

Recommendation 3: THIS INFORMATION WILL CHANGE AS THE REVIEW CONTINUES

Recommendation When possible, use positive frames (i.e., chance of survival) in place of negative frames (i.e., chance of death) when communicating probabilities; in some cases, 
both may be necessary.

Relevant Studies Peters et al. (2011); Gigerenzer (2014); Pidgeon & Fischhoff (2011)

Consistency of Evidence Medium

Quantity of Evidence Medium

Validity of Evidence Medium

Certainty Medium

https://pubmed.ncbi.nlm.nih.gov/21191122/
https://www.bmj.com/content/349/bmj.g7091
https://www.nature.com/articles/nclimate1080
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Next Steps

National Institute for Risk and Resilience

1. Complete list of relevant studies
2. Compile database with core information about each study; assess validity
3. Produce list of recommendations; assess certainty

• Deliverables:
• Bibliographic archive of relevant research with topic tags and summary notes
• Summary report that highlights existing knowledge, gaps, and priorities for future research
• Summary report with recommendations to assist in the practice of communicating 

uncertainty and probabilities
• Presentation of results to NWS/OWAQ partners
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Questions?

National Institute for Risk and Resilience

Contact:

Joe Ripberger (jtr@ou.edu) 
Andrew Bell (andrewjbell@ou.edu) 
Carol Silva (clsilva@ou.edu) 
Hank Jenkins-Smith (hjsmith@ou.edu) 

http://ou.edu
http://ou.edu
http://ou.edu
http://ou.edu

